Diagnostic reference level (DRL) is employed to optimize the radiation doses of patients. The objective of this study is to review the DRLs for interventional procedures in Korea and abroad. Literature review was performed to investigate radiation dose index and measurement methodology commonly used in DRL determination. Dose area product (DAP) and fluoroscopy time within each major procedure category were systematically abstracted and analyzed. A wide variation was found in the radiation dose. The DAP values and fluoroscopy times ranged 0.01一3,081 Gyㆍcm 2 and 2一16,878 seconds for all the interventional procedures, 8.5一1,679 Gyㆍcm 2 and 32一5,775 seconds for the transcatheter arterial chemoembolization (TACE), and 0.1一686 Gyㆍcm 2 and 16一6,636 seconds for the transfemoral cerebral angiography (TFCA), respectively. The DRL values of the DAP and fluoroscopy time were 238 Gyㆍcm 2 and 1,224 seconds for the TACE and 189 Gyㆍcm 2 and 686 seconds for the TFCA, respectively. Generally, the DRLs of Korea were lower than those of other developed countries, except for the percutaneous transluminal angioplasty with stent in arteries of the lower extremity (LE PTA and stent), aneurysm coil embolization, and Hickman insertion procedures. The wide variation in the radiation doses of the different procedures suggests that more attention must be paid to reduce unnecessary radiation exposure from medical imaging. Furthermore, periodic nationwide survey of medical radiation exposures is necessary to optimize the patient dose for radiation protection, which will ultimately contribute to patient dose reduction and radiological safety.
Introduction
Interventional radiology is a medical specialization that involves performing a range of imaging procedures to obtain images of the inside of the body of a patient. Interventional radiologists conduct various procedures, such as treating tumors, taking organ biopsies, or placing stents, by inserting miniature instruments and thin catheters into the body via an artery or a vein. Interventional radiology has the advantage of reducing medical expenses as well as the pain from invasive procedures (e.g., surgery). Currently, the use of interventional radiology is rapidly increasing with the increase in average life expectancy and technological development. 1) Therefore, the actual number of procedures is expected to Considering its increased usage and high radiation dose, currently, radiation protection and patient dose management are important in interventional radiology. Further, because interventional radiology is an important procedure directly related to the survival of a patient, it is inappropriate to apply extremely strict measures on the radiation exposure received by the patient. However, efforts to optimize the procedure and measures for patient radiation protection are needed.
Guidance or recommendations for radiation protection in diagnostic radiology are provided by the International Commission on Radiological Protection (ICRP). The ICRP uses the following approach for radiation protection of patients. Generally, radiation exposure of a patient during radiology, such as interventional radiology, is higher than that in daily life; however, the patient also receives the medical benefits from the procedure. The ICRP states that radiation in these areas of medical care must be used for the benefit of the patient and the dose should be optimized. 3) Summarizing, the basic principle of patient protection in medical exposure is to maximize the medical benefits of radiation use while keeping the dose as low as reasonably achievable considering economic and social factors. [4] [5] [6] The measured or irradiated radiation dose at a radiological examination facility differs according to the radiologist, patient, and hospital, even if the same procedure is used. Therefore, the necessity of setting a reference radiation dose for a patient has emerged. As interventional radiology is a procedure that is directly related to the life of the patient, it is inappropriate to apply extremely strict controls. Therefore, the equipment or institutions that administer extremely high or extremely low radiation doses need to be identified, and the doses should be optimized.
A reference level was introduced to implement radiation dose reduction and establish a reference standard. This concept was first introduced in ICRP Publication 60. 3 The International Atomic Energy Agency (IAEA) also endorses establishing DRLs, the recommended radiation dose levels for patients in accordance with the medical conditions, in each country. 8 9, 10) The scope of the investigation for DRL determination ranges from hospital units to regional and national levels. Considering the increased usage of interventional radiology and high radiation doses, it is necessary to investigate and analyze studies on DRL determination for domestic and international interventional radiology in terms of patient radiation protection and patient dose management.
The purpose of this study was to review the DRLs for interventional radiology in Korea and abroad. To this end, we first examined the methodology of DRL determination.
The radiation dose index and measurement or irradiation methodology commonly used in DRL determination for interventional radiology were investigated. In addition, studies on the DRL determination for domestic and international interventional procedures were examined, and the results were compared and analyzed. where early studies of DRL determination have been conducted, it has been found that the radiation dose decreases over time. 11) 
Radiation dose for interventional procedure diagnostic reference level
The measurement or survey methodology for the radiation dose indicator was investigated. The ICRP, International Commission on Radiation Units and Measurements (ICRU), and IAEA have proposed radiation dose units for DRLs. 6, 12, 13) The ICRP proposes as conditions of the patient radiation dose indicator that the assessment of the amount of ionizing radiation used in a procedure and easy measurement or determination of the indicator. 6) The ICRU and IAEA recommend using a physical quantity that can be represented by air kerma as the unit of the radiation dose of a DRL. 12, 13) In general, the dose area product (DAP) and reference air kerma (RAK) are used for the measurement of the radiation dose of a patient in an interventional procedure, because they are easy to be calculated and measured.
Further, the fluoroscopy time is employed as an additional indicator.
The concept of DAP is displayed in Fig. 3 . The DAP is defined as the product of the absorbed dose that does not include the backscattering effects in air measured at the same distance from the focal point and the area of the X-ray irradiation field. The DAP can provide information about the irradiation area in which a patient is actually exposed.
The intensity of the radiation decreases in inverse proportion to the square of the distance on going further from the focal point. In contrast, the irradiation area of the radiation increases in proportion to the square of the distance; thus, the above two effects cancel each other. Therefore, the DAP The information collection for the DAP was based on approximately 15,000 and 14,000 cases of patients, respectively. Each exposure dose information was collected by filling out questionnaires, and the data verification was performed by a statistical analysis program. Table 3 summarizes the results of determining the interventional procedure DRL in Spain in 2008.
Spain
In 2016, the SNSC conducted a study to reestablish the DRL. 25) In this study, senior interventionists and medical physicists at eight university hospitals were surveyed. Table 4 lists the results of determining the interventional radiology DRL in Spain in 2016. 
Germany

Switzerland
Finland
Research on medical radiation in Finland is conducted by the Radiation and Nuclear Safety Authority (STUK). The STUK measures or evaluates the patient doses every three years to establish the interventional radiology DRL. Finland has presented a DRL for interventional radiology in 2016. 30) In Finland, in interventional radiology and cardiology procedures, the difficulty of the procedure may have a larger impact on the radiation dose than on the procedure steps or procedure equipment. Thus, it is recommended to use the radiation doses of numerous patients to set the DRL and consider the difficulties in the procedure, if necessary. Table 8 presents the DRL for interventional radiology in Finland conducted in 2016.
United Nations Scientific Committee on the Effects of Atomic Radiation
The ary tract, and urinary system. In the 2010 report, the DAP collected from each country was presented in each literature. Table 9 lists the distribution of the DAP according to the interventional radiology reported by the UNSCEAR. 
Korea
Conclusions
The use of interventional radiology is rapidly increasing owing to the increase in its demand arising from the average lifespan increase and technology development. It Interventional radiology, as medical radiation exposure, benefits a patient and is an important procedure that is directly related to the life of a patient; thus, it is not appropriate to perform extremely strict management of the radiation exposure that a patient receives without considering the overall circumstances. However, to optimize the procedure and reduce patient dose, it is necessary to understand the current status of domestic patient dose management by investigating the patient exposure level and DRL setting during the interventional procedure. In the future, if the nationwide survey is continuously conducted for medical radiation safety management and patient protection, it will ultimately contribute to maximizing the benefit to patients from interventional radiology while minimizing the radiation dose of the patient.
